To evaluate risk of thyroid neoplasia nearly 30 years following exposure to radioactive iodine (I-131) from the 1986 Chernobyl nuclear accident, we conducted a fifth cycle of thyroid screening of the Ukrainian-American cohort during 2012-2015, following four previous screening cycles started in 1998. We identified 47 thyroid cancers (TC) and 33 follicular adenomas (FA) among 10,073 individuals who were <18 years at the time of the accident and had a mean I-131 dose of 0.62 Gy. We found a significant I-131 dose response for both TC and FA, with an excess odd ratio per Gy of 1.36 (95% CI: 0.39-4.15) and 2.03 (95% CI: 0.55-6.69), respectively. The excess risk of malignant and benign thyroid neoplasia persists nearly three decades after exposure and underscores the importance of continued follow-up of this cohort to characterize long-term pattern of I-131 risk.
The 1986 accident at the Chernobyl nuclear power plant resulted in a massive release of radionuclides into the environment, affecting areas of Ukraine, Belarus, and the Russian Federation. 1 Of particular concern are long-term health effects in children and adolescents who received substantial radiation doses to the thyroid from intake of radioactive iodine (I-131)-contaminated milk. 1 We established the Ukrainian-American (UkrAm) cohort to assess risks of thyroid cancer (TC) and benign thyroid diseases by standardised screening of individuals exposed as children or adolescents. 2 Data from the first four screening cycles (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) demonstrated a strong association between TC risk and I-131 dose [3] [4] [5] [6] ; the magnitude of I-131 risk was comparable to that associated with external exposure to gamma-/X-radiation. 7, 8 Because of the elevated risk evident through 2007, over 21 years after the accident, we undertook a fifth cycle of thyroid screening between 2012 and 2015. We herein report results on the I-131-related risk of thyroid neoplasia, including TC and follicular adenoma (FA) 26-29 years after the accident.
Material and Methods
The UkrAm cohort includes 13,243 individuals <18 years at the time of the Chernobyl accident who resided in three contaminated oblasts (states) of Ukraine. 2 As before, the fifth cycle screening-conducted without knowledge of I-131 doses-consisted of palpation, ultrasound examination, and, where indicated, fine needle aspiration biopsy (FNAB) and thyroid surgery. All pathologic diagnoses were performed at the Institute of Endocrinology and Metabolism (IEM, Kyiv, UA), and additionally reviewed by the International Pathology Panel of the Chernobyl Tissue Bank.
6, 9 The study protocol was approved by the Institutional Review Boards of the National Cancer Institute (Bethesda) and IEM (Kyiv, UA) and all the participants signed informed consent.
I-131 thyroid doses were estimated based on: (i) models incorporating direct thyroid radioactivity measurements; (ii) ecological and biokinetic models to assess the temporal variation of I-131 radioactivity in the thyroid; and (iii) information on individual behaviors and dietary habits obtained by personal interviews. [10] [11] [12] We used logistic regression models to estimate the linear excess odds ratio per Gy (EOR/Gy) and category-specific EORs for TC and FA, adjusting for sex, age at screening, and oblast of residence in 1986 (where indicated). The EOR is equivalent to the odds ratio (OR) minus one (EOR 5 OR -1). The cut offs for dose categories were chosen to assure reasonable distribution of cases (</0.050/0.200/0.500/1.500/5.000/>). We evaluated departure from linearity by fitting linearquadratic dose-response models. We also tested modification of the EOR/Gy by sex, age at accident, age at screening, and oblast of residence by adding multiplicative interaction terms between I-131 and the factor of interest. Estimated parameters, likelihood ratio tests, and 95% likelihood-based confidence intervals (95% CI) were computed using Epicure. 13 All tests were two-sided with type-I error of 0.05.
Results
As Table 2 ). For TC, the EOR/Gy tended to decrease with age at accident, although not significantly (p 5 0.206); there was no evidence of modification by age at screening (p 5 0.644). For FA, the EOR/Gy was significantly modified by age at accident (p 5 0.018) and age at screening (p 5 0.028), but we could not discriminate whether these effects were independent due to their strong correlation.
Discussion
Previously, we reported the EOR/Gy of 5.25 (95% CI: 1.70-27.5) for prevalent TC detected at the first screening of this cohort in 1998-2000. 3 For incident TC ascertained prospectively in 1998-2007, up to 21 years after the accident, the What's new? Of particular concern following the 1986 accident at the Chernobyl nuclear power plant are long-term health effects in children and adolescents from the most affected areas who received substantial radiation doses to the thyroid from intake of radioactive iodine (I-131)-contaminated milk. To evaluate risk of thyroid neoplasia nearly 30 years following the accident, the authors conducted a fifth cycle of thyroid screening of the Ukrainian-American cohort during 2012-2015. They found that the excess risk of malignant and benign thyroid neoplasia persists nearly three decades after exposure and underscores the importance of continued follow-up to characterize long-term pattern of I-131 risk. The estimates of I-131 risk from the incident and current cross-sectional study are similar in magnitude but not strictly comparable because the effects of time, age and other risk modifiers are not taken into account. However, the strong dose response from the latest screening data indicates the persistence of the excess I-131 risk nearly 30 years after the accident.
Recognizing the above caveats, the EOR/Gy for FA from the fifth screening was similar to that from the first screening (2.03; 95% CI: 0.55-6.69 vs. 2.07; 95% CI: 0.28-10.31).
14 Epidemiologic data on radiation risk of FA are sparse because it is difficult to distinguish adenoma from certain benign thyroid lesions and follicular carcinoma. 15 Studies of atomic-bomb survivors and individuals medically exposed to gamma-/X-radiation have established that the juvenile thyroid gland is especially sensitive to the carcinogenic effect of ionizing radiation. 7, 8 Excess TC risk was evident >50 years after the atomic bombings, although it decreased over time. 16 As the current data are cross-sectional, pooling of prospectively collected data from all screening cycles and further follow-up are required to separate effects of time, age at exposure and attained age, which are important factors in understanding the radiation risk. It is crucial to learn whether the I-131 risk of thyroid neoplasia decreases over time as suggested by studies of externally irradiated populations. 7, 8 The UkrAm cohort has two features that strengthen estimation and interpretation of the radiation risk for thyroid neoplasia: well characterized I-131 thyroid dose estimates derived from direct thyroid radioactivity measurements, and standardized screening by medical personnel blinded to dose to ensure unbiased ascertainment of thyroid diseases. The current data provide evidence of persistently elevated risk of thyroid neoplasia nearly 30 years after I-131 exposure from the Chernobyl accident and underscores the importance of continued follow-up to characterize long-term pattern of I-131 risk by time and other factors. 1 All analyses were adjusted for sex, age at screening, and oblast of residence in 1986 in the background except for effect modification by sex for follicular adenoma. 2 Test of linear dose trend. 3 Test of quadratic departure from linearity. 4 Sex-specific EORs/Gy are derived from the same model. 5 Adjusted for sex and age at screening, but not oblast of residence in the background. 6 Test of homogeneity of trends or EOR modification by log-linear age.
